The problem of the time-dependent one-dimernsional unipolar ion sheath (ion-matrix-sheath) is solved analytically. The time dependence of the sheath parameters in the initial stage of the plasma response to the step potential applied to the wall is investigated. The characteristic time of relaxation towards the stationary state is found.
Introduction
Due to their much smaller inertia the electrons follow changes of the wall potential instantaneosly as compared to the ions. If in particular, a high negative voltage is applied to the wall, they are repelled from the wall and leave a positive ion sheath (''matrix''). The ions extracted from the matrix sheath give rise to a current towards the wall. The width of the ion matrix is assumed to be much smaller than the ion mean free path, therefore the ion motion within the matrix sheath can be considered as collisionless.
To our knowledge, there exist only few publications investigating the different aspects of the time-dependent plasma-wall transition layer [1] [2] [3] [4] . We have succeeded to solve the problem of the one-dimensional time-dependent ion matrix sheath analytically in the general form, i.e., for an arbitrary time dependence of the wall potential. We analyse the case when high negative step potential is applied to the wall. The temporal evolution of the matrix parameters at the initial stage of the response is determined. The chartacteristic time for the relaxation to the stationary state, described by the Child-Langmuir law, is found.
Model and basic equations
We consider a semi-bounded plasma occupying the half space, . 0 z
The absorbing plane
the above assumptions result in the basic equations 0 z u u t u , and , is provided by the prescribed potential at the wall.
4.Solutions at the initial stage after application of the step voltage
Introducing the coordinate and the ion velocity as functions of the electric field at the inital
.
Inverting (4) 
Approaching the time-independent state
For purpose of applying the boundary conditions we represent the solutions (2) in form: 
